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Description 

The present invention relates to the use of quaternized polyvinylamines for water clarification. More particularly, the 
present invention relates to the use of quaternized polyvinylamines for the flocculation of suspended solids in water 
5 purification or wastewater clarification systems. 

The present invention relates to the clarification of raw water for use in the industrial or domestic applications, or 
the clarification of wastewater for reused or disposal. Raw water such as from rivers, lakes, or underground usually con- 
tains suspended matter. The suspended matter must be removed by clarification in order to provide water suitable for 
use in domestic and industrial applications. The suspended matter can consist of large solids, settleable by gravity 
10 alone without any external aid and non-settleable material, often colloidal in nature. 

Removal of nonsettleable material is generally accomplished by coagulation, flocculation, and sedimentation. In 
combination, these three processes are referred to as conventional clarification. See the Betz Handbook of Industrial 
Water Conditioning, 9th edition, 1991, Betz Laboratories, Inc., Trevose, PA, pages 23 through 30. 

Coagulation is the process of destabilization by charge neutralization. Once neutralized, particles no longer repel 
is each other and can be brought together. Coagulation is necessary for removal of the colloidal sized suspended matter. 
Flocculation is the process of bringing together of the destabilized, or "coagulated" particles to form a larger agglomer- 
ation or floe. Sedimentation, or settling, refers to the physical removal of particles from suspension that occurs once the 
particles have been coagulated and flocculated. Sedimentation alone, without prior coagulation results in the removal 
of only relatively coarse suspended solids. 
20 Naturally occurring suspended particles are predominantly negatively charged. Polyelectrolytes are traditionally 
used for influent and wastewater clarification. For low turbidity waters, inorganic polyelectrolytes, such as alum, or 
organic polyelectrolytes, such as melamine formaldehydes are traditionally employed. For higher turbidity waters, high 
charge cationic polyelectrolytes such as polyamines formed by the condensation reaction of epichlorohydrin and 
dimethylamine can be used. High turbidity waters are generally considered those having a greater than 60 NTU 
25 (Nephelometric Turbidity Units). In low turbidity waters, those with less than 60 NTU, there are generally not enough 
particles to form a settleable floe when the water is treated with cationic polymers alone. Inorganic coagulants such as 
alum, aluminum sulfate, polyaluminum chloride, ferric sulfate, ferric chloride, sodium aluminate and melamine formal- 
dehydes are used either alone or in combination with high charge cationic polyelectrolytes. 

The use of inorganic coagulants tends to generate voluminous sludges which are difficult to dewater. Also, such 
30 inorganic coagulants are only effective within a particular pH range and therefore require proper pH adjustment of the 
water during treatment. In addition, the increase of iron and aluminum ions in the treated water from the inorganic coag- 
ulants may affect downstream operations such as cooling and boiler treatments and may also cause health and envi- 
ronmental concerns when the water is finally discharged. Similarly, the use of melamine formaldehyde resins can result 
in residual formaldehyde in the resin causing handling and disposal difficulties. 
35 It is an object of the present invention to provide methods for clarifying water which are more effective than the use 
of alum, melamine formaldehyde or the reaction product of epichlorohydrin and dimethylamine. 

The use of vinylamine copolymers for flocculation in water treatment is known. U.S. Patent No. 4,21 7,214 discloses 
the use of high molecular weight polyvinylamine hydrochloride as a flocculating agent in water treating systems. Poly- 
vinylamine hydrochloride is an ethenamine hydrochloride homopolymer, CAS Registry No. 29792-49-2. 
40 U.S. Patent No. 4,808,683 discloses the use of a mixture of a vinylamine copolymers of the formula disclosed 
therein as a flocculating agent, drainage aid and paper strength increasing agent. 

U.S. Patent No. 4,957,977 discloses the use of a mixture of vinylamine copolymers of the formula disclosed therein 
as a flocculating agent and a paper strength increasing agent. 

U.S. Patent No. 5, 269 942 discloses the use of quaternized polyvinylamine for use in clarification of water in a 
45 deinWng loop of a paper recycling operation. 

The present invention is directed to a method of clarifying water having a turbidity of 73 NTU or less which employs 
quaternized polyvinylamines. Quaternary polyvinylamines are obtained from the reaction of a polyvinylamine with a 
quaternizing agent such as methyl (ethyl) chloride, dimethyl (ethyl) sulfate or benzyl chloride. 

According to the present invention, there is provided a method of reducing the turbidity of an aqueous system hav- 
50 ing a turbidity of 73 NTU or less consisting of adding to the aqueous system an amount effective for the purpose of 
reducing turbidity of a quaternary polyvinylamine of the general formula: 
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— f CH 2 - CH 

5 i 

[R 2 ] 

wherein R 1( R 2 , and R 3 each independently is methyl, ethyl or benzyl and wherein X* is a water soluble anion. 
10 The quaternized polyvinylamines of the present invention were found to provide improved clarification of raw water. 
The quaternized polyvinylamines are effective in amounts which vary depending upon the particular system being 
treated. The treatment levels can vary from about 0.1 to 100 parts per million parts of water depending upon factors 
such as: turbidity, pH, temperature, water quantity, and respective contaminants in the water. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention relates to a method of clarifying water having a turbidity of 78 NTU or less. The method of 
the present invention comprises treating the water to be clarified with a quaternized polyvinylamine in an amount effec- 
tive for the purpose of reducing turbidity. 
20 The quaternized polyvinylamine employed in the present invention is preferably prepared from a polyvinylamine 
hydrochloride. Polyvinylamine hydrochloride can be prepared by polymerizing N-vinylformamide or N-vinyl acetamide 
which is then hydrolyzed and converted to the desired amine salts by contacting with an appropriate mineral acid. 

These amine salts of the general formula 

25 CH? - CH ^ 

I + 

NH 3 X 

30 where X - is a water soluble anion such as CI, are thereafter quaternized to form the quaternized polyvinylamines 
employed In the present invention of the general formula 

-4 CH 2 - CH 4— 

[R 2 ] 

40 

wherein R 1t R 2 , and R 3 each, independently is methyl, ethyl or benzyl and X" is a water soluble anion such as: C1 , Br, 
I, or CH3SO4. The molecular weight of the polyvinylamine can range from about 1 ,000 to about 1 million, and is prefer- 
ably from about 10,000 to 500,000. 
45 Regardless of the method of formation of a polyvinylamine hydrochloride, the critical reaction for forming the mate- 
rial employed in the present invention is the quaternization reaction. Quaternized polyvinylamine is preferably formed 
by reacting the polyvinylamine or polyvinylamine hydrochloride with a quaternizing agent such as methyl chloride, dime- 
thyl sulfate or benzyl chloride with aqueous sodium hydroxide as shown in Formula I. 
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HOH 

5 ^ CH CH^ ♦ 3 ChSCI ♦ 3 NaOH — s> 

C I 

NH 2 ■ HCl or 3 CH 3 S0 4 CH 3 

70 

CH 2 - CH«^ ♦ 3 MaCl 
N+ (CH 3 ) 3 

r5 CI" or CH 3 S0 4 ~ 

20 The resulting polymer solution is preferably concentrated and dialyzed to remove the salts. The extent or degree of 
quaternization can be substantiated by C-13 and N-15 NMR spectroscopy and conventional colloid titration. The titra- 
tion measures the degree of quaternization (cationicity) as expressed in miili -equivalents per gram of material (meq/g) 
using potassium polyvinyl sulfate solution as trtrant and toluidine blue as indicator. 

While specific methods of preparing quaternary polyvinylamines for use in the present invention have been 
25 described they are not intended to be limiting. These described methods are only exemplary methods of preparing the 
quaternized polyvinylamine used in the method of the present invention. Alternate means of preparing quaternary pol- 
yvinylamine may be employed to form the material used in the method of the present invention. 

The following experimental procedures were employed to prepare the materials tested in the Examples. 
Synthesis of poly N-vinylformamide: A monomer solution containing 40.0 grams of N-vinylformamide (Air Products) 
30 and 220.5 grams of deionized water was charged to a reaction flask. The solution was slowly heated to 60°C under a 

nitrogen atmosphere. An initiator solution containing 1 .2 grams of V-50 (2,2' azobis (2-amidinopropane)-dihydrochloride • 
available from Wako Chemicals) was added to the solution. The solution was held at 60°C for 7 hours and cooled. The 
resulting polymer was verified as poly- N-vinylformamide by C-13 NMR. 

Preparation of Polyvinylamine (Polymer A): A polymer solution of 87.7 grams of poly N-vinylformamide and 26.4 
35 grams of concentrated hydrochloric acid was charged into a reaction flask. The solution was heated to 100°C and held 
for six hours. The resulting polymer solution was transferred to a cellulose tubing (MWCO-1000) and was dialyzed 
against fresh deionized water. The resulting polymer solution had a Brookfield viscosity of 9.1 cps at 2.0% solids. 

Quaternization of Polyvinylamine (Polymer B): A polymer solution containing 52.1 grams of the polyvinylamine 
solution (Polymer A, 4.8% solids), 13.8 grams of isopropanol, 14.5 grams of 50% sodium hydroxide and 16.7 grams of 
40 deionized water was charged into a 450 ml pressure reactor. The reaction vessel was cooled by a dry-ice/isopropanol 
bath and was then charged with 12.5 grams of methyl chloride. The reactor was heated to 80°C and held for 5 hours. 
The resulting polymer solution was concentrated and dialyzed against fresh deionized water. The structure of the poly- 
mer was verified by C-13 NMR. The polymer solution had a Brookfield viscosity of 5.5 cps at 2.0% solids (25°C). 
Quaternization of Polyvinylamine (Polymer C): a polymer solution containing 7.5g of polyvinylamine hydrochloride 
45 (Air Products, medium MW) was reacted with 17.8 grams of methyl chloride in the same procedure described above. 
The resulting quaternized polymer had a Brookfield Viscosity of 9.3 cps at 2.0% solids (25°C). 

Quaternization of Polyvinylamine (Polymer D): a polyvinylamine solution (Air Products, low MW) was reacted with 
methyl chloride in the same procedure described above. The resulting quaternized polymer had a Brookfield viscosity 
of 4.0 cps at 2.0% solids (25°C). 
50 Quaternization of Polyvinylamine (Polymer E): The polymer was prepared from N-vinyl formamide and quaternized 
with methyl chloride at 65°C by the procedure described above. The resulting polymer had a Brookfield viscosity of 1 3.5 
cps at 2.0% solids (25°C). 

Table 1 summarized the cationicity of the quaternized polyvinylamines tested in the following examples. Cationicity 
of the quaternized polyvinylamines tested in the following examples. Cationicity is an indication of the degree of quater- 
55 nization of the material. 
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TABLE 1 


Polymer 


Cationicity (meg/gram) 


C 


7.2 


B 


8.0 


D 


7.4 


E 


7.5 



The present invention will now be further described with reference to a number of specific examples which are 
intended to be illustrative and not as restricting the scope of the present invention. 
15 Efficacy testing of quaternary polyvinylamine polymers in accordance with the present invention in direct compari- 
son to polyvinylamine hydrochloride and other commercial water clarification additives was undertaken. 



Example 1 

20 The materials to be tested were added to a test substrate comprising a low turbidity synthetic river water. The syn- 
thetic river water was prepared from distilled water, reagent grade chemicals and naturally occurring clays and humic 
acid. The test substrate was prepared to have the following properties: 

turbidity = 8 NTU; 
25 total suspended solids = 30 mg/liter; 

true color = 25 Pt-Co color units; 

Ca = 40 ppm as CaC03; 

Mg = 20 ppm as CaC03; 

Methyl orange alkalinity = 50 ppm as CaC03; 
30 pH = 7.0. 

The test procedure was chosen to simulate the operation of a typical water treatment clarifier. The comparative 
products included aluminum sulfate and a melamine formaldehyde polymer which are treatments commonly used in 
low turbidity river water clarification. 

35 The test procedure comprised placing 500 ml of synthetic river water into a 600 ml beaker and mixing at 100 rpm 
using a one inch by three inch stirrer paddle. The polymer to be tested was added in the dosage indicated (all dosages 
are expressed as parts per millions active polymer). After polymer addition, the samples were mixed for 15 seconds at 
1 00 rpm, 100 minutes at 60 rpm, 5 minutes at 35 rpm and 5 minutes at 20 rpm. The mixing was stopped and the sample 
allowed to settle 15 minutes. A 30 ml simple of supernatant water was siphoned from a point 1 inch below the surface 

40 of the settled water. The turbidity of the sample was measured using a Hach Model 18900 ratio turbidity meter. 

The results of the testing are summarized in Table 2. The results show that the quaternized polyvinylamines are 
more effective at reducing turbidity than the polyvinylamine and commercial materials at low treatment levels. 
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TABLE 2 



5 




Polymer 


Supernatant 






Dosage 


Turbidity 






(DDm active) 


fntu> 




B 


0.2 


0.8 


10 




0.5 


0.3 






1 . w 








1.5 


7.1 






2.0 


6.6 






4.0 


6.7 


15 










C 


0.2 


3.8 








0 3 

W.J 






1.0 


0.4 






1.5 


3.0 


20 




2.0 


6.5 






4.0 


6.4 




r 
c 


o ? 

U . 4 


2 4 






0.5 


0.3 


25 




1.0 


0.5 






2.0 


6.0 






3.0 


6.7 




0 


0.2 


2.3 


30 




0.5 


0.3 






1.0 


0.3 






2-0 


6.5 






3.0 


7.2 


35 


PVAM-HCL 


0.5 


1.3 




low ffl.W. 


1.0 


0.2 






1.5 


0.3 






2.0 


0.5 






3.0 


1.4 


40 




4.0 


3.2 
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JABLC 1 fCont'd) 



Polymer Supernatant 
Dosage Turbidity 



Polvmer room active) Mai 



10 PVAM-HCl 0.5 2.8 

med. m.w. K0 0.3 

1.5 0.3 

2.0 0-5 

3.0 2.2 

15 

Melamine 4.0 1.6 

formaldehyde 6.0 1.8 

polymer 8.0 1-0 

10.0 1.5 

12.0 1.7 



20 



25 



Alum 8.6 0.4 

11.5 0.3 

14.4 0.2 

17.3 0.3 

20.1 0.3 



30 

Example 2 

Efficacy testing of the quaternary polyvinylamine polymers of the present invention in comparison to poiyvinylamine 
hydrochloride and other commercial water clarification additives for high turbidity water were undertaken. The test sub- 
35 strate comprised a synthetic high turbidity, high color river water. The test substrate was prepared from distilled water, 
reagent grade chemicals and naturally occurring clays and humic acid. The test substrate was prepared to have the fol- 
lowing properties: 

turbidity =73 NTU; 
40 total suspended solids = 300 mg/iiter; 

true color = 25 Pt-Co color units; 

Ca = 20 ppm as CaC0 3 ; 

Mg = 10 ppm as CaC0 3 ; 

Methyl orange alkalinity = 50 ppm as CaC0 3 ; 
45 pH = 7.0. 

The test procedure was as described above in Example 1. The results of the testing are summarized in Table 3. 
The results show that the quaternized polyvinylamines of the present invention are more effective at reducing turbidity 
than the polyvinylamine and commercial materials at low treatment levels. 

50 
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TABLE 3 





Polymer 


Polymer Dosage (ppm 


Supernatant Turbidity 


Supernatant True Color 


5 




active) 


(ntu) 


(Pt-Co color units) 




B 


2.0 


35.0 


43 






4.0 


2.2 


25 


10 




6.0 

a n 
o.u 


0.5 

1 Q 


13 
q 




C 


4.0 


25.0 


48 






5.0 


8.5 


34 


15 




6.0 


1.1 


25 






8.0 


0.1 


17 




E 


4.0 


26.0 


41 


20 




5.0 


4.2 


23 






6.0 


0.8 


18 






8.0 


0.1 


10 




D 


4.0 


23.0 


53 






5.0 


4.8 


35 






6.0 


0.9 


27 






8.0 


0.4 


19 


30 


PVAM-HCL low m.w. 


4.0 


59.0 


100 






8.0 


3.1 


11 






10.0 


0.6 


6 






12.0 


0.6 


5 


35 


PVAM-HCL med. m.w. 


4.0 


53.0 


119 






8.0 


2.1 


10 






10.0 


0.2 


6 


40 




12.0 


0.3 


6 




Epichlorohydrin/dlmethylamine 


2.0 


58.0 


93 




polymer 


4.0 


40.0 


41 






6.0 


13.5 


27 


45 




8.0 


1.8 


19 






10.0 


0.8 


11 






12.0 


1.0 


7 


50 




14.0 


1.0 


5 






16.0 


1.2 


5 






18.0 


3.4 


3 
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20.0 


18.0 


4 



While the present invention has been described with respect to particular embodiments thereof, it is apparent that 
numerous other forms and modifications of the invention will be obvious to those skilled in the art. The appended claims 
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and this invention generally should be construed to cover all such obvious forms and modifications which are within the 
scope of the present invention. 

Claims 

5 

1. A method of reducing the turbidity of an aqueous system having a turbidity of 73 NTU or less consisting of adding 
to the aqueous system an amount effective for the purpose of reducing turbidity of a quaternary polyvinylamine of 
the general formula: 

10 — f CHn - CH -)— 

I, 

[R 3 ]_ N + -[R X ] X- 

wherein R 1( R 2 , and R 3 each independently is methyl, ethyl or benzyl and wherein X" is a water soluble anion. 

20 2. A method as claimed in claim 1 , wherein X* is a water soluble anion selected from the group consisting of C1 , Br, I 
and CH3SO4. 

3. A method as claimed in claim 1 or 2, wherein said polyvinylamine has a molecular weight of from about 1 ,000 to 
about 1 million. 

25 

4. A method as claimed in any one of claims 1 to 3, wherein said polyvinylamine has a molecular weight of from about 
10,000 to about 500,000. 

5. A method as claimed in any one of the preceding claims wherein the quaternary polyvinylamine has the formula 

30 

-e-cH 2 - CH-h 

N + (CH 3 ) 3 C1 ~ 



40 6. A method as claimed in any one of the preceding claims, wherein the quaternary polyvinylamine is added to the 
water in an amount of 0.1 to 100 parts per million parts of water. 

7. A method as claimed in any one of the preceding claims, wherein flocculated solids produced by action of the qua- 
ternary polyvinylamine are removed from the aqueous system. 

45 

PatentansprOche 

1. Verfahren zur Reduktion der Trubung eines waBrigen Systems mit einer Trubung von 73 NTU (nephelometrische 
TrObungseinheiten) Oder weniger, das aus dem Zusetzen zu dem waBrigen System einer fur den Zweck des Redu- 
50 zierens der TrfJbung wirksamen Menge eines quartaren Polyvinylamins der folgenden allgemeinen Formel besteht: 
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CH 2 - CH f- 

I 

[R 3 ]- N + -[RJ X- 
I 

[R 2 ] 

10 

worin R 1( R2 und R 3 jeweils unabhangig Methyl, Ethyl oder Benzyl ist und worin X' ein wasserldsliches Anion ist. 

2. Verfahren nach Anspruch 1 , worin X" ein wasserlCsliches Anion ist, das aus der Gruppe ausgewahlt wird, die aus 
CI, Br, I und CH 3 S0 4 besteht. 

15 

3. Verfahren nach Anspruch 1 Oder 2, worin genanntes Polyvinylamin ein Molekulargewicht von circa 1 .000 bis circa 
1 Million aufweist. 

4. Verfahren nach einem der Anspruche 1 bis 3, worin genanntes Polyvinylamin ein Molekulargewicht von circa 
20 10.000 bis circa 500.000 aufweist. 

5. Verfahren nach einem der vorangehenden AnsprOche, worin das quartare Polyvinylamin die folgende Formel auf- 
weist: 

25 { CH 2 - CH 

I 

N + (CH 3 ) 3 CI' 

3D 



35 6. Verfahren nach einem der vorangehenden AnsprOche, worin das quartare Polyvinylamin dem Wasser in einer 
Menge von 0,1 bis 100 Teilen auf eine Million Wasser zugesetzt wird. 

7. Verfahren nach einem der vorangehenden AnsprOche, worin ausgeflockte Feststoffe, die durch Einwirkung des 
quartaren Polyvinylamins erzeugt wurden, aus dem waBrigen System entfernt werden. 

40 

Revendications 

1 . Methode pour rGduire la turbidite d'un systeme aqueux ayant une turbidite de 73 NTU ou moins consistant a ajouter 
au systeme aqueux une quantite efficace pour r6duire la turbidite d'une poiyvinylamine quaternaire de formule 
45 gen6rale : 

— f CH ? - CH -J— 
C I 

[R 2 ] 

55 

dans laquelle , R 2 et R 3 sont chacun ind6pendamment un groupe methyle, 6thyle ou benzyle et dans laquelle X" 
est un anion soluble dans I'eau. 
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2. M6thode selon la revendication 1 , dans laquelle X* est un anion soluble dans I'eau choisi dans Pensemble constitu6 
par CI, Br, I et CH 3 S0 4 . 

3. M&hode selon la revendication 1 ou 2, dans laquelle ladite polyvinyl amine a une masse moleculaire allant d'envi- 
5 ron 1 000 k environ 1 million. 

4. M6thode selon Tune quelconque des revendications 1 k 3, dans laquelle ladite polyvinylamine a une masse mole- 
culaire allant d'environ 10 000 k environ 500 000. 

io 5. M&hode selon Tune quelconque des revendications precedentes, dans laquelle la polyvinylamine quaternaire a la 
formule 

-T CH 2 - CH -h 

15 



20 



(CH 3 ) 3 cr 



6. M6thode selon Tune quelconque des revendications prec&Jentes, dans laquelle la polyvinylamine quaternaire est 
ajoutee k I'eau selon une quantity de 0,1 k 100 parties par million de parties d'eau. 

25 7. M6thode selon Tune quelconque des revendications precedentes, dans laquelle des matieres solides flocutees 
produites par Taction de la polyvinylamine quaternaire sont retires du systeme aqueux. 
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